Three commercially available assays, designed to specifically detect the presence of Mycobacterium avium subsp. paratuberculosis (MAP) in fecal samples by IS900-PCR, were compared with a conventional culture method. Fecal samples from 100 dairy cows were tested. Fifty-four (67.5%) of 80 culture-positive samples were positive for an assay that detects MAP DNA by dot spot hybridization of polymerase chain reaction products (kit A), 48 (60%) were positive by an assay using ethidium bromide staining for agar gel visualization of amplification products (kit B), and 49 (61.3%) were positive by an assay in which amplified products are detected by a colorimetric detection system (kit C). Relative sensitivity of all tests increased in proportion to the presence of MAP in fecal samples. Specificity was 100% based on results from 20 culturenegative samples from an MAP-free herd.
Introduction
Mycobacterium avium subsp. paratuberculosis (MAP) is the etiologic agent of paratuberculosis. The disease, also known as Johne disease, affects domestic and wild ruminants and is characterized by a chronic, progressive enteritis. Interest in the disease is growing, not only because of the vast economic losses for farmers but also because of the hypothesized involvement of MAP in the etiology of Crohn disease. 2, 3, 6, 10, 12, 22, 28 Mycobacterium avium subsp. paratuberculosis is an intracellular pathogen that replicates in macrophages in the lamina propria and is shed into the feces during disease. Direct diagnosis of paratuberculosis involves culture of MAP from feces. However, fecal culture is time consuming and expensive. The isolation of MAP from feces with conventional culture methods takes 6-16 weeks to complete because of the slow growth of the organism. 4, 20 In addition, despite decontamination procedures, cultures are often lost because of contamination.
Indirect diagnostic methods based on immunological techniques such as skin testing with johnin, ␥-in- terferon test, complement fixation test, and enzymelinked immmunosorbent assay have shown low sensitivity or specificity. 4, 11, 18, 24, 26, 30 The discovery of the IS900 insertion sequence in the MAP genome has offered an alternative for the rapid detection of the bacterium DNA in clinical samples. Several DNA probes for the detection of MAP have been described. 13, 19, 21 More recently, several polymerase chain reaction (PCR) tests to detect MAP DNA have been developed. 1, 5, 8, 23, 27, 29 The purpose of this study was to compare 3 PCR-based diagnostic kits with a conventional culture method for the detection of MAP in bovine fecal samples.
Materials and methods
Fecal samples. Eighty culture-positive fecal samples were selected from dairy herds that were naturally infected with MAP. Thirty-three samples were from heavy shedders (Ͼ50 colony forming units [cfu]/slant), 22 samples were from moderate shedders (20-50 cfu/slant), and 25 samples from light shedders (Ͻ20 cfu/slant). In addition, 20 fecal samples were collected from a dairy herd considered MAP-free on the basis of: 1) the lack of a history of Johne disease and 2) negative serology in all animals greater than 24 mo of age. These 20 samples tested negative by fecal culture and were used as negative controls. Aliquots of each sample were frozen at Ϫ80 C until PCR was performed.
Culture. Culture for the detection of MAP in fecal samples was performed using a sedimentation protocol. Approximately 10 g of fresh feces was suspended in 100 ml of a sterile solution of 0.75% hexadecylpyridinium chloride. a Fecal suspensions were agitated by horizontal shaking for 30 min at room temperature (RT). Each suspension was then left to settle for 5 min, and 35 ml of the upper portion of the supernatant was transferred to a new 50-ml V bottomshaped tube. Tubes were maintained at RT for overnight (16-24 hr) decontamination. For each fecal sample, 4 agar slants containing Herrold egg yolk medium with 0.0002% (wt/vol) mycobactin J b were inoculated with 0.2 ml of the sediment. Inoculated tubes were incubated at 37 Ϯ 2 C in a horizontal position for 5 days with loose caps to allow evaporation of residual moisture on the surface of the medium. Caps were then tightened, tubes returned to an upright position, and incubation of samples continued for a total of 16 wk. Tubes were examined every 2 wk, and colonies were confirmed by Ziehl-Neelsen staining, mycobactin dependence, and IS900-PCR.
Kit A. The test was carried out following manufacturer's instructions. c In brief, 1 g of fecal specimen was suspended in a solution of extraction detergent containing 0.2 N NaOH by vortexing in the presence of polycarbonate beads. The particulate materials were allowed to settle at RT for 30 min. After sedimentation, the MAP-containing supernatant was centrifuged, and the pellet was washed and resuspended in sample lysis buffer. Samples were then processed in a cell disrupter, d and DNA was purified using silica matrices. Extracted DNA was stored at Ϫ20 C before PCR analysis. An amplicon of about 325 bp ( Fig. 1 ) was obtained from positive samples by IS900-specific primers with 35 amplification cycles, each consisting of denaturation at 95 C for 15 sec, primer annealing at 60 C for 30 sec, and chain elongation at 72 C for 15 sec. In the first cycle, the samples were denatured at 95 C for 5 min, and in the last cycle the extension step was increased to 7 min. A template producing an amplicon of about 325 bp is included in the kit as positive control ( Fig. 1 ). Amplified products were dotted onto a nylon membrane and fixed by ultraviolet irradiation. Membranefixed DNA was then denatured and hybridized with an enzyme-conjugated synthetic probe. After substrate incubation, MAP-positive samples developed a blue dot on the nylon membrane on the side of sample application (Fig. 1) .
Kit B. The test was carried out following manufacturer's instructions. e In brief, 1 g of fecal sample was suspended in sterile water and allowed to settle at RT. As indicated in the kit instructions, DNA extraction and purification was performed on MAP-containing supernatant with a commercial kit f that was purchased separately from kit B. After protein digestion and degradation by a 70-95 C incubation step with proteinase K, samples were loaded onto silica gel spin columns after ethanol addition. Deoxyribonucleic acid was adsorbed onto the silica gel membrane during a brief centrifugation step and eluted in low-salt buffer equilibrated at RT. Extracted DNA was stored at Ϫ20 C before PCR analysis. Amplification of an IS900-derived sequence of about 175 bp ( Fig. 2) was obtained from positive samples by PCR with 45 amplification cycles, each consisting of denaturation at 94 C for 15 sec, primer annealing at 62 C for 30 sec, and chain elongation at 72 C for 40 sec. In the first cycle, the samples were denatured at 94 C for 5 min after an incubation at 37 C for 30 sec, and in the last cycle the extension step was increased to 10 min. An internal control template generating an amplicon of about 475 bp is present in each amplification reaction to verify polymerase activity (Fig. 2) . Detection of amplified products was performed on 2% agarose gel by ethidium bromide staining (Fig. 2) .
Kit C. The test was carried out following manufacturer's instructions. g Sample preparation and DNA extraction and purification were carried out as described for kit B, starting with 1 g of fecal sample and making use of the same commercial kit f for DNA extraction and purification. Mycobacterium avium subsp. paratuberculosis DNA amplification producing an amplicon of about 175 bp was performed using a biotinylated primer set specific for IS900 with 45 amplification cycles, each consisting of denaturation at 95 C for 30 sec, primer annealing at 62 C for 30 sec, and chain elongation at 72 C for 40 sec. In the first cycle, the samples were denatured at 95 C for 5 min, and in the last cycle the extension step was increased to 8 min. An internal control template generating an amplicon of about 350 bp was introduced in each amplification reaction to verify polymerase activity. Amplified products were detected using a colorimetric detection system performed in multiwell microplates. Biotinylated amplified products were captured on streptavidincoated plates, denatured by NaOH treatment, and hybridized with specific digoxigenin-labeled probes. The hybridization complexes were revealed by reacting the hybridized probes with a peroxidase-labeled antidigoxigenin antibody, followed by incubation in tetramethylbenzidine.
Statistical analysis. Relative sensitivity, specificity, and kappa values were calculated comparing each PCR test with fecal culture, which was used as the reference diagnostic test in this study. 16, 17 
Results
Tables 1, 2 summarize results obtained by PCR tests on 80 culture-positive fecal samples. All PCR kits identified as negative 20 culture-negative control samples from a MAP-free herd. Overall relative sensitivities of PCR tests on culture-positive samples were 67.5 Ϯ 5.2% (SE) for kit A, 60 Ϯ 5.5% for kit B, and 61.3 Ϯ 5.4% for kit C (Table 1) . Differences in overall relative sensitivity between the 3 kits are not statistically significant ( 2 ϭ 1.11; P Ͼ 0.5). The highest value for relative sensitivity was obtained in heavy shedders tested by kit C (94%). On the other hand, kit A detected the highest percentage of positives in both moderate (59%) and light shedders (48%) ( Table 1) . Kappa scores obtained when the results of the kits A, B, and C were compared with culture were 0.45, 0.38, and 0.39, respectively ( Table 2 ). Three culture-positive samples and 1 culture-negative sample yielded an ''inhibited'' result when tested with kit B. When retested after a 10-fold dilution of the extracted DNA in sterile water, as recommended by the manufacturer, e they yielded a negative result. None of the samples tested with kit C showed PCR inhibition. Kit A does not provide an internal control, and it was therefore impossible to detect inhibition of the polymerase reaction in the case of negative results.
Discussion
In this study, a conventional fecal culture method was used as the reference diagnostic test for MAP direct diagnosis on fecal samples. All PCR kits showed a relative specificity of 100% when compared with 20 culture-negative samples from an MAP-free herd.
Relative sensitivity was calculated on culture-positive fecal samples. Culture-negative animals belonging to MAP-positive herds were not used for sensitivity evaluation. Among PCR tests, kit A demonstrated the highest overall relative sensitivity (Table 1) although kit C detected the highest number of positives in the case of heavy shedders. However, differences in the overall relative sensitivity among the 3 kits were not statistically significant. Most PCR-positive samples were from heavy shedders followed by moderate and light shedders for all kits (Table 1) .
Kappa values greater than 0.75 are usually taken to represent excellent agreement beyond chance, values below 0.40 may be taken to represent poor agreement beyond chance, and values between 0.40 and 0.75 may be taken to represent fair to good agreement beyond chance. 15, 16 In this study, assessing the agreement of PCR tests to culture, kit A showed fair agreement, whereas K values for kits B and C suggest poor agreement with culture results.
Overall relative sensitivities and K scores obtained in this study were higher than values previously reported for other PCR tests applied to fecal samples of dairy cattle 27 but lower than those reported by a more recent study 9 comparing a real-time and a nested PCR with culture methods. However, in both previous reports, the culture was performed by centrifugation techniques, whereas in this study, sensitivities of PCR kits were evaluated by comparison with a culture method performed by a sedimentation technique. From some reports it has been suggested that very low shedder animals are better identified by centrifugation of fecal samples than by sedimentation. However, overall detection rates for MAP-infected animals could be similar between the 2 methods because of higher contamination rate in centrifugation samples. 14, 25 In this regard, it is important to note that the sensitivity of the method chosen as the reference assay has a major influence on the estimate of relative sensitivities of compared tests.
From a technical point of view, kit A required the longest time for sample processing because of the large number of steps for DNA extraction and purification. Moreover, the hybridization steps on nylon membrane for DNA detection are also time consuming, even if they likely improve test sensitivity. An additional disadvantage of kit A is the need for a specific cell-disrupter device d for mechanical DNA extraction.
In kits B and C, sample preparation and DNA extraction are simple and rapid, as is DNA purification from proteins and other PCR inhibitors using silica gel spin columns. f Polymerase activity is verified by an internal control of synthetic DNA, which is amplified in the same reaction conditions as MAP DNA. The main difference between kits B and C, which gave similar results in terms of relative sensitivity and kappa values, is the system used to detect amplified products. Agarose gel is used in kit B so that the test is rapid and useful when one or a few samples have to be analyzed. The detection system used in kit C, on the other hand, is able to simultaneously detect 46 samples on the same plate. Each sample is tested twice in 2 separate wells and is detected by 2 different hybridization probes, one specific for the IS900 amplification product and the other for the internal control. The presence of PCR inhibitors in fecal samples is still a major problem for PCR assays, and their removal is a major goal for improving test sensitivity. The reduction of such inhibition could improve the sensitivity of kit B, leading to better agreement with fecal culture. The same inhibition rate was not observed for kit C, despite similar results and nearly the same extraction and purification procedures. This may be because of differences in the PCR mixtures of the 2 kits. However, details concerning the composition of the mixtures are not available.
Different approaches combining IS900-PCR with fecal culture have been reported for improving MAP detection. 7, 23, 31 These methods have led to a reduction of culture turnaround times and to an increase in sensitivity compared with direct nucleid acid detection methods because of the enrichment of the target MAP DNA and because of the higher dilution of inhibitors. These studies have emphasized that use of PCR for the diagnosis of paratuberculosis requires further research.
At present, the use of PCR kits for the detection of MAP in fecal samples is not feasible for paratuberculosis eradication programs, given the lack of sensitivity and the high costs compared with culture. However, their use could be suitable for MAP detection in fecal samples from market cattle, where diagnosis is needed in a short time.
